Objective: To investigate differences in overweight and obesity between firstgeneration Dutch-Ghanaian migrants in The Netherlands and their rural and urban counterparts in Ghana. Design: Cross-sectional study. Subjects: A total of 1471 Ghanaians (rural Ghanaians, n 532; urban Ghanaians, n 787; Dutch-Ghanaians, n 152) aged $17 years. Main outcome measures: Overweight (BMI $ 25 kg/m 2 ) and obesity (BMI $ 30 kg/m 2 ). Results: Dutch-Ghanaians had a significantly higher prevalence of overweight and obesity (men 69?1 %, women 79?5 %) than urban Ghanaians (men 22?0 %, women 50?0 %) and rural Ghanaians (men 10?3 %, women 19?0 %). Urban Ghanaian men and women also had a significantly higher prevalence of overweight and obesity than their rural Ghanaian counterparts. In a logistic regression analysis adjusting for age and education, the odds ratios for being overweight or obese were 3?10 (95 % CI 1?75, 5?48) for urban Ghanaian men and 19?06 (95 % CI 8?98, 40?43) for Dutch-Ghanaian men compared with rural Ghanaian men. Among women, the odds ratios for being overweight and obese were 3?84 (95 % CI 2?66, 5?53) for urban Ghanaians and 11?4 (95 % CI 5?97, 22?07) for Dutch-Ghanaians compared with their rural Ghanaian counterparts. Conclusion: Our current findings give credence to earlier reports of an increase in the prevalence of overweight/obesity with urbanization within Africa and migration to industrialized countries. These findings indicate an urgent need to further assess migration-related factors that lead to these increases in overweight and obesity among migrants with non-Western background, and their impact on overweight-and obesity-related illnesses such as diabetes among these populations.
Obesity is now reaching epidemic proportions and is increasingly recognized as an important public health burden (1, 2) . Recent WHO global projections indicate that about 1?6 billion adults (age $15 years) were overweight and at least some 400 million adults were obese in 2005. WHO further projects that by 2015, approximately 2?3 billion adults will be overweight and more than 700 million will be obese (3) . Once considered a problem only in wealthy countries, WHO estimates also indicate that the prevalence of overweight and obesity is now increasing dramatically in low-income countries. The increasing prevalence of obesity is worrying because epidemiological studies have consistently shown it to be associated with increased risks of morbidity, disability and mortality (4) (5) (6) (7) (8) (9) (10) (11) . For example, obesity is a well-known risk factor for type 2 diabetes mellitus and is associated with some of the major risk factors for CVD, such as hypertension (5, 6) . Overweight and obesity (BMI $ 25 kg/ m 2 ) has been estimated to account for about 65-80 % of new cases of type 2 diabetes (5) . In Western countries, overweight and obesity is highly prevalent in ethnic minority groups, particularly in women, as compared with the people of the host countries (12) (13) (14) (15) . The explanations for these high prevalence rates among ethnic minority people are speculative, as empirical studies underpinning such observations are rare. Understanding the mechanism underlying the increasing prevalence of overweight and obesity among ethnic minority people is crucial for appropriate intervention strategies for prevention. Earlier studies comparing various populations of African descent in diverse geographical settings found a positive gradient in the prevalence of CVD risk factors from rural Africa to urban North America (16) (17) (18) . Migration studies may therefore have the potential to increase our understanding about the increasing prevalence of overweight and obesity among these populations in Western countries. For example, comparison between first-generation migrants and their counterparts in their country of origin may help to provide important clues about the increasing prevalence of overweight and obesity among these populations in Western countries. However, migration studies on overweight and obesity are rare.
The main objective of the present paper was therefore to assess differences in overweight and obesity between first-generation Ghanaian migrants in The Netherlands and their counterparts living in rural and urban Ghana. Our prior hypothesis was that overweight and obesity would be substantially higher among Ghanaian residents in The Netherlands as compared with residents in urban and rural Ghana.
Methods

Study area
Urban and rural data for the present study were collected in the Ashanti region of Ghana. Ghana is situated on West Africa's Gulf of Guinea, only a few degrees north of the Equator with a total area of 238 540 square kilometres. According to the Population Reference Bureau (19) , the total population in mid-2007 was about 23 million with an annual growth rate of 2?3 %. The life expectancy was 58 years for men and 59 years for women. About 44 % of the population live in urban while 56 % live in rural areas.
The Netherlands data were collected in four cities: Amsterdam, Dordrecht, Rotterdam and The Hague. The majority of Ghanaians in The Netherlands originate from the Ashanti tribe in Ghana. They came to The Netherlands in the 1980s due to economic downturn in Ghana and Nigeria, where many were working (20) . In 2003 there were approximately 18 000 officially recorded Ghanaians in The Netherlands. However, there are a large number of undocumented Ghanaians in The Netherlands, which suggests that this number was underestimated. A more reliable estimate in 2000 was 40 000 based on Ghanaians in The Netherlands who registered to vote at the Ghanaian embassy for the presidential elections in Ghana in 2000 (20) .
Study design
Data collection in Ghana Details of the study methods in Ghana have been published elsewhere (21, 22) . In short, data were collected in the regional capital city (Kumasi) and four villages in the Ashanti region of Ghana between August and September 2004 among adults aged 18 years and above. In the city, six churches with different denominations, teachers from seven schools and two banks (one bank had four branches) were selected randomly from lists of churches, schools and banks. Because of financial constraints, four villages were selected based on the recommendations from local advisors. In the villages, following the local rules, the chiefs and elders were contacted in advance to obtain their permission. In each village, the elders fixed an appropriate date for the community and reminded them prior to the data collection date. To ensure that everybody in each village had an equal chance of being selected, measurements were restricted to every other house. The villages have no main water supply, and the main occupation is subsistence farming. Because only physical measurements were made, only verbal informed consent was sought from the subjects before measurements were taken. In all the churches, data collection was done in the church in a special room provided by the church leaders. The bank managers and school principals also provided special rooms where weight and height were measured. The participation rates were high in all sites. For example, among 122 bank workers, only one person refused to participate and none of the teachers refused to participate. The response rate in the churches ranged from 82 % to 95 %. In all the villages, only two people present at the time of data collection refused his/her measurements to be taken.
Data collection in The Netherlands
In The Netherlands, a snowballing approach was used because of the difficulties in reaching this community. Leaders of three churches in three cities (Amsterdam, Dordrecht and Rotterdam) and one Ghanaian organization in The Hague were approached about the study. After discussions about the importance of the study, all leaders agreed to participate after consultations with their members. With leaders from each church and the organization, special dates were arranged for data collection by a trained Ghanaian nurse. At each site, all people present at the time agreed to have their measurements taken. About 98 % of our study participants in The Netherlands originated from the Ashanti region of Ghana. In line with Dutch legislation, the study was approved by the Netherlands Organization for Health Research and Development and judged to need no further review by a medical ethics committee as participants were recruited on a volunteer basis and were not required to undergo clinical examination.
The target sample size was mostly determined by the resources available. However, it was also based on our power calculations that showed that this sample size would achieve reasonably precise estimates of the mean values of key risk factors and would detect differences of the expected magnitude between the groups.
Measurements
Weight was measured to the nearest 0?1 kg after removal of shoes, jackets, heavier clothing and pocket contents (using an Electronic Korona Profimed scale, Germany) by trained staff. Height was measured without shoes with a measuring tape to the nearest 0?5 cm. BMI was calculated as weight (kg) divided by the square of height (m 2 ). Overweight and obesity were defined as BMI $ 25 kg/m 2 and BMI $ 30 kg/m 2 , respectively (23) . In addition, information on demographics and education level was collected.
The Committee on Human Research Publication and Ethics, Kwame Nkrumah University of Science and Technology, Ghana approved the study protocols.
Data analysis
The x 2 test was used to assess differences in categorical variables. Continuous variables were analysed using t tests. Differences in overweight/obesity were assessed by means of logistic regression analysis. All results from the logistic regression model are shown as odds ratios with corresponding 95 % confidence intervals. All statistical tests were two-tailed and P values #0?05 were considered statistically significant. All statistical analyses were performed using the SPSS for Windows statistical software package version 14?0?1 (SPSS Inc., Chicago, IL, USA). Table 1 shows the characteristics of the study population. Among men, urban Ghanaians were younger and had a higher level of education compared with rural Ghanaians and Dutch-Ghanaians. The Dutch-Ghanaians were taller than the rural and urban Ghanaians. Urban Ghanaians and Dutch-Ghanaians were heavier than rural Ghanaians. Among women, rural Ghanaians were older and less educated compared with urban Ghanaians and Dutch-Ghanaians. Rural Ghanaian women were shorter and lighter than both urban Ghanaians and Dutch-Ghanaians.
Results
Figures 1(a) and 1(b) show mean BMI by locality in men and women. In both men and women, there were positive gradients in mean BMI from rural Ghana to urban Ghana and to The Netherlands. The DutchGhanaian men and women had higher BMI than their urban Ghanaian and rural Ghanaian counterparts. The urban Ghanaian men and women also had higher BMI than their rural Ghanaian counterparts.
Figures 2(a) and 2(b) show the prevalence rates of overweight and obesity (BMI $ 25 kg/m 2 ) by locality and age group. Among men, the prevalence of overweight/ obesity was higher in the older age group than the younger age group in all localities. However, the rates were higher in both younger and older Dutch-Ghanaian men (50?0 % and 84?2 %) than their urban Ghanaian (14?1 % and 39?2 %) and rural Ghanaian counterparts (5?6 % and 16?7 %). Similarly, a higher prevalence of overweight and obesity was also found among younger and older Dutch-Ghanaian women (65?0 % and 94?7 %) than in their urban Ghanaian (44?5 % and 61?0 %) and rural Ghanaian counterparts (17?8 % and 28?4 %). Table 2 shows adjusted odds ratios and 95 % confidence intervals of overweight and obesity by locality in men and women. In an age-adjusted model, the Dutch-Ghanaian men were 18?8 times and urban Ghanaian men were 3?3 times more likely than rural Ghanaian men to be overweight or obese. Further adjustment for education did not have much influence on the differences. Among women, the Dutch-Ghanaians were 12?3 times and urban Ghanaians were 4?1 times more likely than rural Ghanaians to be overweight or obese. Further adjustment for educational level attenuated the differences slightly, but the Dutch-Ghanaians were still 11?5 times and urban Ghanaian 3?8 times more likely than their rural Ghanaian counterparts to be overweight or obese. 
Discussion
The main purpose of the present study was to assess differences in overweight and obesity between first-generation Ghanaian residents in The Netherlands and their Ghanaian counterparts living in rural and urban Ghana. Our findings clearly indicate that the prevalence of overweight and obesity is much higher among the DutchGhanaians than among their urban and rural counterparts in Ghana. The urban Ghanaians also have a higher prevalence of overweight and obesity than their rural counterparts. These differences persisted even after differences in educational level had been taken into account. This is one of the few studies that have compared differences in overweight and obesity among firstgeneration migrants with their counterparts from the same region of their country of birth. Reasons for the increasing prevalence of overweight and obesity among ethnic minority groups have been speculative since empirical studies underpinning such observations are rare. Our present study provides a new insight into the possible role of migration-related factors on overweight and obesity in Western countries. The huge differences found between the first-generation Ghanaian residents in The Netherlands and their counterparts in urban and rural Ghana clearly indicate that environmental factors are at play, and suggest the need to tackle overweight and obesity among migrant populations living in Western countries. It also provides an important foundation for further studies to determine migrationrelated lifestyle changes and factors that result in increases in body sizes among these populations in Western countries.
Cultural perceptions regarding overweight and obesity may also play a role in the increasing prevalence of overweight and obesity among migrant populations. In most parts of Africa, being overweight or obese was and still is, at least in some part, associated with prestige, happiness and good healthy living, especially in women (24, 25) . It has been reported that, traditionally, Ghanaians in general associate fatness with beauty (26) . It has also been documented that Ghanaian men in general prefer overweight and obese women to thin ones (26) although recent evidence suggests that these purported perceptions are no longer the case (27) . Many Ghanaians came to The Netherlands in the 1980s, at a time when these perceptions were very strong. It is possible that they have held on to these perceptions in The Netherlands, which might contribute to the high rates of overnutrition and subsequently higher prevalence of overweight and obesity found among this group in The Netherlands. This, indeed, requires further studies.
Our findings have important implications for healthcare delivery not only for The Netherlands but also other Western countries such as the UK with large proportions of migrants. The risk of hypertension is up to five times higher among obese people than among people of normal weight (28) . Obesity is also closely related to type 2 diabetes (29, 30) ; it is reported (30) that about 90 % of individuals who develop type 2 diabetes have BMI higher than 23?0 kg/m 2 . The strong relationship between obesity and hypertension and diabetes among populations of African descent has been well described (12, (16) (17) (18) . Although there is no information on obesity-related illnesses such as type 2 diabetes and hypertension among Ghanaian residents in The Netherlands, a recent report indicates that the incidence of malignant hypertension and related renal complications is higher in African-descent people (mainly Ghanaians and Nigerians) in Amsterdam than in white Dutch people (31) . The prevalence of overweight and obesity found among the Ghanaian population in The Netherlands exceeds the prevalence rates reported among their white Dutch male (overweight 40?2 % and obesity 14?3 %) and female (overweight 34?2 % and obesity 15?3 %) counterparts (13) , and this may contribute, at least in part, to the higher incidence of malignant hypertension and related renal complications reported among this group in The Netherlands (31) . Given the high prevalence of overweight and obesity among this population in The Netherlands, there is a strong case to study this population further to assess the impact of overweight-and obesity-related illnesses among this population in The Netherlands. Left unchecked, the increasing prevalence of overweight and obesity among these populations may take its toll as chronic diseases with huge consequences for these communities and the health-care services. Our findings also show a higher prevalence of overweight and obesity among urban Ghanaians than their rural counterparts. This is consistent with recent studies in West African countries (32, 33) . Our study also confirms the earlier findings of a positive gradient in CVD risk factors from less developed to highly developed communities (16) (17) (18) . Urbanization is associated with the adoption of lifestyles commonly referred to as 'Westernization', the consequence of which is the increased consumption of energy-dense foods and refined sugars complemented by less energy-demanding jobs in the urban centres (34) (35) (36) (37) . Urbanization has also been associated with increased television ownership and viewing, as well as changes in traditional food preparation and the adoption of unhealthy eating habits including increased consumption away from home (38) . With increasing economic development in urban areas in Ghana, many urban Ghanaians have cheap means of transport. Fast-food chains are also on the increase. All of this may contribute to the higher prevalence of overweight and obesity in urban Ghana. The increasing prevalence of overweight and obesity comes with a rise in several overweight-and obesityrelated illnesses (39) (40) (41) . Recent compiled data in Ghana, for example, clearly indicate that the prevalence of diabetes (42, 43) and cardiovascular risk factors such as hypertension (12, 13, (44) (45) (46) are correspondingly on the increase. Ghana, like many low-income countries, is now faced with the health threat of non-communicable diseases while still battling with the unfinished agendas of communicable diseases.
In 2003, the World Health Assembly adopted the Global Strategy on Diet, Physical Activity, and Health, which targets lifestyle modifications that can combat the increase in non-communicable diseases (47) . The WHO also issued objectives for low-income countries regarding healthy living. The present findings clearly indicate that there is a need for preventive measures to encourage and facilitate physical activity and healthy eating to control and prevent overweight and obesity in urban Ghana, in line with the WHO objectives.
There are limitations and strengths in our study. First, the differential sample techniques may bias our study conclusion. The urban Ghana sample, for example, was based on teachers, bank workers and church goers, whereas the Netherlands sample was based on churches and one community organization. Although this approach was used to ensure that people from different social and religious backgrounds were represented, it is possible that some people who did not fall into any of these groups may have been omitted, which may affect the study conclusions. However, most Ghanaians who originate from the Ashanti region are Christians and attend church regularly in both Ghana and The Netherlands. In addition, none of the people present at the time of measurement in The Netherlands refused to participate. Furthermore, the prevalence of overweight and obesity was consistently high across all churches and the one organization in all four cities. Second, our socio-economic indicator was based on educational level only and there was no information on lifestyle factors, which limits our ability to assess the possible determinants of obesity in different localities. Furthermore, we had no information on socio-economic circumstances and lifestyle factors prior to migration to The Netherlands. It is possible that the better-off Ghanaians migrated to The Netherlands, and perhaps were, given the phase of economic development in Ghana, more prone to develop overweight and obesity. The higher height of the DutchGhanaians may reflect this possibility. Nevertheless, many of the Dutch-Ghanaians first migrated to Nigeria before coming to The Netherlands due to economic hardship in Ghana in the 1980s (20) . It is also possible that they benefited from the nutritional richer environment in Nigeria at the time, which may explain the higher height found among this group in The Netherlands. Future studies should assess the possible factors that may contribute to these locality differentials. Third, the sample of the Ghanaians in The Netherlands was relatively small compared with their counterparts in Ghana. Nevertheless, notwithstanding these limitations, the findings provide important information about the possible role of migration-related factors and their impact on the overweight and obesity pandemic among migrant populations in Western countries, and provide an important foundation for further studies. It is also one of the few studies that have compared overweight and obesity differences between first-generation migrants living in a Western country and their counterparts living in urban and rural settings from the same region of their country of origin.
Conclusion
Our findings demonstrate that the prevalence of overweight and obesity is overly high among first-generation Ghanaian residents in The Netherlands compared with their urban and rural Ghanaian counterparts in Ghana. These findings clearly indicate an urgent need to further assess migration-related factors that lead to these increases in overweight and obesity, and their impact on related illnesses such as diabetes and cardiovascular risk factors among this population in The Netherlands. Such information is essential for designing appropriate interventions for prevention.
The high prevalence of overweight and obesity among urban Ghanaian dwellers may contribute to the recently reported increases in diabetes and CVD in urban Ghana. Further increases in overweight and obesity will be seriously detrimental to the already overburdened healthcare resources in Ghana. Preventive measures are needed to control and prevent overweight and obesity in urban Ghana. Implementation and evaluation of the WHO directives will be a good starting point (42) . 
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